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(57) Abstract 

Methods for obtaining beneficial stable levels of cumulating histamine aie disclosed for use in methods for enhancing the cytotoxicity 
of cytotoxic effector cells. In such methods, a beneficial level of circulating histamine is attained and an agent whose ability to enhance 
natural killer cell cytotoxicity is augmented by histamine is administered. Alternatively, stable beneficial levels of circulating histamine 
can be attained in subjects rcceivmg chemodierapy or andviial Ueatment. The invention may also be employed in treatments combining 
histamine, agenu which enhance the cytotoxicity of cytotoxic efTector cells, and chemodierapeutic agents. Optimization of the delivery of 
histamine and substances which induce the release of endogenous histamine aie also disclosed. 
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ADMINISTRATIOH OF HSTAMME FOR THERAPEUTIC PURPOSES 

Background of the Invention 
The present mvention relates to methods of treating cancer or infectious disease in which histamine is 
administer^ in conjunction with additional agents. The additional agent may be an agent which stimulates the 
5 cytotoxic activity of natural killer (NK) eels and cytotoxic T lymphocytes (CTLs) in a synergistic fashion with 
bistanwie. Ahernatwely, the additional agent may be a chemotherapeutic, anthriral or antibiotic agent. Methods 
combining histamine, agents which act synergistically with histamine to increase the cytotoxicity of NK ceDs and 
CTLs, and cbemotherapeutic agents are also contemplatiHl. 

The invention is based on the surprising observation that despite previous reports of Mstamine's short hetf 
10 life in the body, it is possibte to attain stable beneficial levels of crculating blood histamine and to maintain these 
boiaficial levels for hours or days after the last administration of histamme. This observation facffitates traatnmts 
in which histamine administration to obtain beneficial leveb of circulating blood histamme is combined with treatment 
with other agents. The invention also relates to improvements in the method of edministering histamine. A brief 
review of the observations leading to the present mventran is provided betow to place the present invention in 
15 context. 

A. Cefl Tvpes Involved in the Generation of an hnrnune Response 

Recent anticancer and anthrkal strategies have focussed on utffizing the host immune syst&n as a means 
of cancer or antiviral treatment or therapy. The immune system has evohred complex mechanisms for recognizing 
and destroying foreign cells or organisms present in the body of the host. Hamessbq the body's immune mechanisms 
20 is an attractive approach to achieving effect'nre treatment of malignancies and viral infectnns. 

A wide array of effector ceBs, each having its own characteristics and rote, implement the tnumine response. 
One type of effector ceB, the B ceQ. generates ant&odies targeted against forngn antigens encountered by the host 
hi combination with the complement system* antibodies direct the destruction of ceBs or orgamsms bear'mg the 
targeted antigen. 

25 Another type of effector celt the T eel is (Mded into subcategories whicb play different roles in the 

immune response. Hel^ier T ceDs secrete cytokmes which stimulate the proif oration of other cells necessary for 
mounting an effective immune response, while suppressor T crib down regulate the immune response. A third 
category of T eel, the cytotoxic T eel (CTL), is capable of directly lysing a targeted cell presenting a foreign antigen 
on its surface. 

30 An additional type of effector cell is the natural kiBer eel INK ceOL a type of lymphocyte having the 

capacity to spontaneously recognize and destroy a variety of malignant col types. This characteristic of NK ceBs 
makes them an attract'nre eandklate for exploitation in anticancer and anthriral treatments and theraines based on 
using tiie host's snmune system as a weapon against mafignant tumors and viruses. 

B. Cvtokines invohred »tediatirai the fanmunB ResnnnM 



wo 97/42968 PCT/US97/08001 

-2. 

The intfirplay between the various effector eels Ested above is influenced by the activities of a wide variety 
of chemical factors which serve to enhance or reduce the immune response as needed. Such chemical modulators 
may be produced by the effector cells themsehres and may influence the activity of immune ceOs of the same or 
different type as the factor producing cell. 

5 One category of chemical meiGators of the immune response is cytokines, molecules virhich stimulate a 

proliferative response in the cdular components of the immune system. 

lnterleuktn-2 (IL-2) is a cytokine synthesized by T cefis which was first identified m conjunction with its 
role in the expansion of T cells in response to an antigen (Snrith. K.A. Science 240:1169 (1988). It is weO known 
that IL*2 secretkm is necessary for the fuB devetopment of cytotoxic effector T cells (CTLs), which play an important 

10 role in the host defense against viruses. Several studies have also dennonstrated that IL-2 has antitumor effects that 
make it an attractive agent for treatmg malignancies (see e.g. Lotze, M.T. et al in "Interieukin 2", ed. O. Smith, 
Acadmnic f^ess, he, San Diego, CA, p237 (1988); Rosenberg, S., Ann. Surgery 208:121 (1988)). In fact, IL-2 has 
been utiiied to treat sub^s suffering from malignant melanoma, renal cell carckioma, and acute myelogenous 
leukemia. (Rosenberg, SJl. et aU N. Eng. J. Mel 316:889-897 (1978); Bukowski, R. M. et aU J. Clin. Oncol 

15 7:477485 (1989h Foa, R. et aL, Br. J. NaematoL 77:491496 (1990)). 

It appears fikely that NK ceDs are respons&le for the anti-tumor effects of iL-2. For example, IL-2 rapidly 
and effectively augments the cytotoxicity of isolated human NK cells m vhro (Den^sey, RJV., et aL, J. bnmunoL 
129:2504 (1982); Riilfips. J.H., et al J. Exp. Med. 170:291 (1989)). Thus, the cytotoxic activity of NK cells treated 
witti IL-2 is greater than the constitutive levels of cytotoxicity observed in untreated cefls. Furthermore, depletion 

20 of NK-celb from animals efiminates IL-2's antitumor effects. (Mute. JJ. et at J. ImmunoL Invest. 139:285 (1987); 
Lotze, M.T. et aL, supra). Additional evidence for the role of NK ceBs results from the observation that NK rails 
are the only resting himian peripheral bbod lymphocytes expressing the IL-2 receptor on their ceB surface. (Caliguri, 
MJV. et aL, J. Clin, bivst 91:123-132 (1993)). 

Another cytokine with promise as an anticancer and antiviral agent is int^eron-a. Interferon-a (IFN-o) 

25 has been empbyed to treat leukemia, myetema, and renal ceR carcinomas. Isolated NK ceUs exhibit enhanced 
cytotoxNdty iii the presence of IFN-a. Thus, like IL-2, IFN cr also acts to augment NK eel mediated cytotoxicity. 
(Trinchterl 6. Adv. bnmunoL 47:187-376 (1989)). 
C. In vivo results of histaminB and histamine aoonist treatments 

Histamine is a bngenic amine, Le. an ammo acid that possesses biological activity mediated by 

30 pharmacological receptors after decarboxylation. The roh of histamine m immediate type hypersensithrity is weB 
estabGshed. (Plaut, M. and Licbtenstem, LM. 1882 Hbtamine and immune responses. In Pharmacotoav of Histamine 
Receptors. GaneDin, CJt. and Ml. Parsons eds. John Wr^iht & Sons, Bristol pp. 392-435.) 

Cxaminatkms of whether tristamina or histamine antagonbts can be appfied to the treatment of cancer have 
yblded contradictory results. Some reports suggest that admmntratkm of hbtamine abne suppressed turn 

35 n hosts having a malignancy. (Burtm, Cancer Lett. 12:195 (1981)). On the other band, hbtamine has been reported 
to acceterate tumor growMi m rodenU (Nordhmd, JJ. et aL, J. bivest Dermatol 81:28 (1983)). 
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Sndarly, contraifictory results were obtained virhen the effects of histamine receptor antagonists were 
evaluated. Some studies report that histamme receptor antagonists suppress tumor developnmnt in rodents and 
humans iOsband, M.L at aU Lancet 1 (OZZIL-eSS (19811). Other studies report that such treatment enhances tumor 
growth and may even induce tumors (Bama, B.P. at aL, Oncology 40:43 (1983)). 
5 D. Svneroistic Effects of Histamine and 11-2 

Despite the conflicting results when histamine is administered alone, recent reports clearly reveal that 
histamine acts synergistically with cytokines to augment the cytotoxicity of NK ceDs and CTLs. Thus, therapies 
employing the combination of hist»nine and cytokines represent an attracthre approach to anti-cancer strategies 
based on using the host immune system to attack the malignancy. Similarly, antiviral treatments u«ng any of the 

10 weD known anthriral agents b also contemplated. 

Studies using histamme anatogues suggest that histamine's synergistic effects are exerted through the H,- 
receptors expressed on the eel surface of monocytes. For example, the H,*receptor agonist dimaprit was capabb 
of augmentmg NK eel mediated cytotoxicity, whie dose structural analogues lacking biological activity failed to 
produce an effect. Additionally, H^-receptor antagonists blocked the effects of histamine and dimaprit, implcating 

15 the H, receptor in the transduction of the histamine response. (Hellstrand, K. at aL, J. Immunol 137:656 (1986)). 

Histamine's synergistic effect when combined with cytokmes is not the result of a direct positive effect 
of histamine on NK ceB and CTL cytotoxicity. Rather, the synergistic effects result from the suppression of a down 
regulation of cytotoxicity mediated by other eel types present along with the cytotoxic cells. The discussion below 
provides some of the evklence suggesting that histamine's synergistic effects resuh from the suppression of negative 

20 signals exerted by oth& eel types. 

U.S. Patent Number 5,348.739 disctoses the synergistic effects of histamine and interleukm'2. As 
discussed above, IL-2 normally Induces a cytotoxic response in NK ceils, h wtro studies with NK ceOs atone confirm 
that cytotoxicity is stimubted when Ib2 is admUstered. However, in the presence of monocytes, the M 2 induced 
enhancemmt of cytotoxicity of NK ceDs b suppressed. 

25 hi the absence of monocytes, histamine had no effect or weakly suppressed NK mediated cytotoxicity. (U.S. 

Patent Number 5,348J39; Hellstrand. K. et aL, J. bmnunoL 137S56 (1986); Hellstrand, K. and Hermodsson, S., Int. 
Arch. Ahrgy AppL bnmunoL 92:379-389 (199Q)). However, NK eels exposed to histamine and IL-2 in the presence 
of monocytes exhibit etevated bveis of cytotoxicity relative to that obtained when NK eels are exposed only to IL-2 
in the presence of monocytes. U. Thus, the synergistic enhancement of NK eel cytotoxicity by combined histamine 

30 and interlBukin-2 treatment results not from the direct action of histamine on NK eels but rather from suppression 
of an mhlHtory signal generated by monocytes. 

Without being imited to a particular mechanism, it is believed that tl» inhOutory effects of monocytes on 
cytotoxic effector cells such as NK ceOs and CTLs result from the generation of H^O, by monocytes. It has been 
reported that the production of H,0,by monocytes suppiessn NK eel cytotoxicity. (Van Kessel K.Pjyi. et aL, 

35 bnmunology, 58:291-298 (1986); &Hag, A. and Clark, R.A. J. bnmuoL 133:3281-3297 (1984); Semian, WJE. et 
aL, J. CGn. Invest. 69:876-888(1982)). Further ewdence of the role of HA in suppressing NK cell cytotoxicity comes 
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from m whro studies showinB that the addition of catalase, an enzyme which acts to remove H^O,, to preparations 
of monocytes and NK celb exposed to IL-2 removes the inhbitory effects of the monocytes. (Seaman* supra.) Thus, 
histamine may exert its synergistic effects by reducing the level of HA produced by monocytes. HeHstrand, K.. 
Asea, A., Hermodsson, S. Histaminergic regulation of antibody-dependent celhiiar cytotoxicity of granulocytes. 

5 monocytes and natural killer cells, J. Leukoc. BioL 55:392-397 (1994). 

Monocytes are not the only eel type which negatively regulates NK cell and CR cytotoxicity. Experiments 
have demonstrated that granulocytes suppress both the constituthre and IL>2 induced cytotoxic activity of NK cells 
in vitro. Like the monocyte mediated suppression discussed above, granulocyte mediated suppression is synergisticaliy 
overconn by treatment with IL-2 and histamine. (U.S. latent Number 5,348739; HeBstrand, K.. Asea, A., 

10 Hermodsson, S. Histaminergic regulation of antibody-dependent cellular cytotoxicity of granulocytes, monocytes end 
natural kiler cells, J. Leukoc BioL 55:392-397 (1994)). 

It eppears that the H|-receptor is invohred in transducing histamine's synergbtic effects on overcoming 
granulocyte mediated suppression. For example, the effect of histamine on granulocyte mediated suppression of 
antibody dependent cytotoxicity of NK cells was blocked by the H,-receptor antagonist ranitidine and numicked by 

15 the receptor agonist donepriL In contrast to the complete or nearly complete abrogation of monocyte mediated 
NK ceB suppressnn by histamine and IL-2, such treatment only partially removed granulocyte mediated NK cell 
suppression. (U.S. Patent Number 5,348,739; Helistrand, K. et al. Histaminergic regulation of antibody dependent 
cellular cytotoxicity of granutocytes, monocytes and natural kBler cells., J. Leukoc. Biol 55:392-397 (1994)). 

As suggested by the expo^iments above, therapies emptoying histamine and cytokines are off active anti- 

20 cancer strategies. U.S. Patent Number 5,348,739 discloses that mice given histamine and IL-2 prior to inoculation 
with melanoma ceD lines were protected against tiie development of hmg metastatK foci This effect was a 
consequence of synergistc intivaction between histamine and IL-2, as demimstrated by the significant reductnn in 
metastatic foci observed in nwe given histamine and 11-2 as conqiared to nuce given histamine or IL-2 done. 

In addition to the synergistic effects observed in ttie essay of hmg metastatic foci^ synergistic effecu of 

25 histamine plus IL2 treatment were also observed in assays in which NK ceD cytotoxicity was measured by 
determintng the atOty of nuce to ki mafignant cefl Gnes iterived from both humans and mice which were injected 
into them. U. 

bi studies conducted to nivestigate the rob of bbtamine in NK-cel dependmt protection against herpes 
simpbx virus (HSV) type 2, it was dbcovered that a singb dose of hbtamtne could probng sunrival time in antmab 
30 inocubted mtravenously witii HSV, and a synergbtic effect on the survivel time of enimab treated with a 
combmatton of hbtmine and IL-2 was observed (HeDstrmid, K. et el, Rob of hbtamine m natural kilbr cell- 
dependent protection agamst terpes simpbx virus type 2 mfection in mbe., Clin. Diagn. Lab. bnmunoL 2:277-280 
(1995)). 

The above results demonstrate that strategies empbying a combinatton of hbtamine and IL-2 are an 
35 off ecthre means of treating maignancbs end viral infection. 

L SvHBirnistb Effects of Histamine and hiterferon-a 
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Histamine abo acts synargisticaDy with interferon-a to overcome the suppression of NK cell cytotoiicity 
by monocytes (Hellstrand et aL, Regulation of the NK eel response to interferon-al0ha by biogenic amines, J. 
Interferon Res. 12:199-206 (1992)). LBce IL-2, interferon s augments NK cell constitutive NK ceV cytotoxicity. Id. 
Monocytes suppress the interferon-a meifiated enhancement of NK cell kiffing of mafgnant target eels m witfo. 
5 Monocyte mediated suppression of NK eel cytotoxicity was overcome by treatment with histamine and interferon-a. 
The effects of histanune were blocked by H,- receptor antagonists and mnucked by H,-receptor agonists. Compounds 
bearing structural smiilarity to the Hi-recqitor agonist dimaprit but lacking the activity of the agonist were unable 
to act synergisticaDy with interferon-a. (Helstrand et aL 1, Interferon Res. 12:199-206 (1992)). 
F. Human Treatments Comhinino Histamine, hiterteukin-2 and Interferon-a 
1 0 The h vitro and animal results discussed above suggested that histamine IL-2 -f interferon-a was a promising 

method for treating hunun mafignancies. In fact, combined histamine^ IL-2, and interferon-a treatments have proven 
effective in the treatment of a variety of human malignancies, providino a 75% response rate significantly greater 
than that observed with 11-2 atone. (Helbtrand et aL, Histamine in branunotherapy of Advanced Melanoma: A P3ot 
Study, Cancer Immunotogy and Immunotherapy 39: 416419 (1994)). In the above study, subjects received a 
15 constant infusion of IL-2 (Proleukin® Eurocetus), 18x10" U/m^ on days 1-5 and 8-12, repeated every 4-6 weeks, as 
wel as interferon-a (6x10* U daHy, s.c.). In addition to the lL-2, eight of the subjects received histamine 
dihydrochkirkle (1 mg s.c.) twice daily. U, 

Only one subject in the group receiving IL-2 and interferon-a exhibited a partial or mixed response, a 
response rate of 14% (1 of IV In contrast, the group receiving both IL-2, interfmn-a and histamine showed an 
20 corresponding response rate of 75% (6 of 8). Only two of these subjects f aBed to respond. U. 
Thus, histamine-i-IL ^+interferon-ais an effective anti-cancer therapy. 
G. Human Treatments with Histamine-i> 
IL-2-i>Chamoiheraoeutic Anents 

Recently, the efficacy of treatments emptoying histamme, IL-2, and chemotherapmitic agents was examined 
25 in humans suffering from acute myetogenous leukemia (AMD. (Brune and Helstrand, Remission Maintenance Therapy 
with Histanune and lnteriBukin-2 in Acute Myelogenous Leukoniap Br. J. Heematotogy, March 1996). 

bi one sat of experiments, kKng of AML blasts by NK ceBs was examined m mtro. IL2 nduced NK 
mediated cytotoxicity, but thb effect was suppressed by monocytes. Histamine M not affect the IL-2 induced 
cytotoxic response BI the absence of monocytes but bbcked the suppressive effects of the monocytes. However, 
30 in the presence of the H,-receptor antagonist ranitidine, hutanune was neff ective in overcommg the monocyte 
suppression. U. 

Additnnaly, AML patients m remission were treated with histamine->-IL-2+the chemotherapeutK egents 
cytarabine and thnguanine and the duration of remission was measured and compared to the length of remissnns 
prior to initiating the treatment Rve of the patients receiving histamine-i-IL-2^cytarabine^ thnguanine remaned 
35 in complete remisskin ranging in duratnn from 9-27 months at the tkne of publcatkm. Two patients relapsed after 
remissions lasting 8 and 33 months. In the five patients who bad undergone a remisskin f olowed by a retapsa prior 
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to initiation of the histaroino^iL-2+cytarabine<i^thiogiiaiiino regimen, the duration of rarossions fohwing initiation 
of the regimen exceeded the duration of the prior remission. U. Such "inversion of remission time* is rare in the 
natural course of AML and reportedly only occurs in a small fraction (< 10%) of AML patients treated with IL2 as 
the single agent. Shepherd et al Phase II Study of Subcutaneous rHU iL-2 in Patients with Acute Myelogenous 
5 Leukemia in Partial or Complete Second Remission and Partial Relapse, Br. J. Haematol S87, 205 (1994). 
Thus. histamine+IL-2-f chemotherapeutic agents is an effective anti-cancer therapy. 
H. Optimization of Histanwne Deiverv 

Histamine b a strongly bioacthre molecule with powerful bioto^cal effects. We have discovered that bobs 
doses of effective emounts of histamine have significant unwanted side effects, induding fhisMng, discomfort, 
10 increased heart and respiratory rate, hypotension, and severe headache. At the same time, we have discovered thet 
histamine-mediated therapy is most effective if provtikd in discrete dosages over e relatively short time period as 
opposed to infusum or controlled release over a period of days or weeks. 

Summary of the Invention 

The present invention relates to treatments combining the administration of histamine or histanwie-indunng 
15 agents, to acMeve a beneficial level of circulating blood hbtamine with treatment with a second agent which 
enhances cytotoxic effector eel cytotoxicity or is a chemotherapeutic agent Combinations of histamine, agents 
which enhance NK eefl cytotoxicity, and chemotherapeutic agents are also contemplated. It will be appreciated that 
the beneficial stable levels of circulating bkwd histamfaie may be attained by administering histamine before, during, 
after or throughout the course of the adminbtration of the second agent. As used herein "stable'* means a level 
20 that b maintained for hours or preferably, days. 

Thus, the present invention provides for the use of hbtamine or a hbtandne-inducing compound in the 
preparatbn of a medbament for prodi^ing elevated, stride circulatmg leveb of hbtamine in a patent. The 
medicament can be for adminbtratkm in conjunction with a second therapeutic agent, such as a chemotbvapmitic 
agent, and b useful for the treatment of a maignancy, a viral ifisease or a neoplastic dbease.. The hbtamine or 
25 bistamine-inducing compound b preferably setocted from the group consisting of pharmaceuticatty acceptable forms 
of histamine, hbtamine dihydrocbloride, hbtamine phosphate, hbtamine salts, hbtamine esters, hbtmnine congeners, 
hbtamine prodrugs, H, receptor agonists, 5HT agonbts, serotonm, retinoic acid, retiiokis, IL 3 and ingestfele 
attorgens. 

In accordance with another aspect of the invention, there b provided a composition comprbing hbtamne 
30 or a hbtamvte-tnducing compound, together with a controlled release carrier. The carrier has the property of 
defivering the composition at a rate of about 0.025 to a2 mg/minute, at a rate whbh results in the release of about 
0.025 to 0.2 mg/nrinute endogmious hbtamine, or for a period of time not less than one and not greater than thirty 
minutes. The controBed rehase carrier b preferably sebcted from the group consbting of polymers, geb, 
mbrospheres, liposomes, taUets. capsules, infusion pumps, syringe pumps, ocular inserts, transdermal formulations, 
35 hydrophic gums, nricrocapsutas, and cobklal drug delivery systems. 
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In accordance with yet another aspect of the premt invention, there is provided a device for admiflistertng 
a thmpeuticaly effective amonnt of a substance selected from the group consisting of pharmaceutttalty acceptable 
forms of histamine, histamine dhydrochloride, histamine phosphate, histamine salts, histamine esters, histamine 
congeners, histamine prodrugs, serotonin. 5HT agonists. Hz receptor agonists, substances which induces the release 
5 of an effective therapeutic amount of endogenous histamine, retinoic acid, retinoids. IL-3 and ingestibb allergens. 
The device comprises an infusbn device, a therapeuticaBy effective amount of the substance, and a controller which 
delivers the substance over a period of time not less than one and not greater than thirty minutes. Preferably, the 
controller delivers the therapeutically effective amount of the substance over a period of time not less than five and 
not greater than twenty minutes. The therapeuticaly effectwe amount of the substance is about 0.4 to 10 mg/day. 

10 preferably about 2.0 mg/day. and is prefereUy deivered at a rate of about 0.025 to 0.2 mg/niinute. The 
therapeuticaBy of frctive amount of the substance can also result in the release of about 0.025 to 0.2 mg/minute 
endogenous htstanwie. The device preferably further comprises a controlled release carrier contained within the 
infusion device together with the substance. 

In accordance with stil another aspect of the present invention, there is provided a method for treating e 

15 patient having a malignancy, neoplastic disease or viral disease. The method comprises administering histamine or 
a histamme-inducing compound to the patient over a period of time such that a stable, elevated blood histamine 
concentration is achievel Preferably, the method further comprises administering a second therapeutic agoit such 
as an anti-cancer or anti-viral agent. The histamine or histamine inducing compound and the second agent can be 
administered separately or together. 

20 A more complete appreciatbn of the invention and many of the attendant advantages thereof will be readily 

perceived as the same becomes better understood by reference to the following detailed description when considered 
in connection with the accompanying figures. 

Other objects, advantages and features of the present invention will become apparent to those skied in 
the art from the folowing discussion. 

25 Brief Descriotbn of the Drawinps 

Figure 1 shows that it is possible to obtain stable beneficiel levels of circulatmg blood histamine. 

Detafled Description of the Preferred Embodjment 
Prior to the present invention, histamine was beSeved to have an eitremely short half life, on the order of 
five minutes, in the Uood. Beaven. MA. Factors regulating avaiabiBty of histamnie at tissue receptors in 

30 Pharmacology of Histanune Receptors. C.R. GaneHin and ILL Parsons eds., Wright PS6. Bristol. U.K. pp. 103145 
(1982). The present mention arose frwn the unexpected finding that, contrary to the prior reporU. it is possible 
to achieve stable levels of circulating blood histamine lasting severdi hours or even days from the time of Mstemine 
administration. The present mvention b the first report of stabb circubting btood histamine. Usng regimens 
invohring the adminbtration of both H,-rec8ptor antagonbu and hbtamme. Burtin was abb to obtain normal bveb 

35 of circulating bbod hbtambe m cancer subjects experiencmg stabUzatbn of the dbease. (Burtin et aU Eur. J. Cin. 
OncoL 24: 161-167 (1968)). However, the normal bveb rqiorted by Burtb were most likely a consequence of the 
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stabSzation of the cancer rather than an observation of stable circulating levels of histamine for a sigmftcant permd 
following admuistration. Evidence that the levels reported in Burtin were a consequence of physiohigical stabiBzation 
comes from the fact that the normal levels of histamine reported by Burtoi when the subjects experienced o remission 
dropped to bebw normal leveb before the subjects' deaths. Burtin did not specify the tima after administration at 

S which circulating histamine leveb were measured^ but it seems likely thet the normal levels reported by Burtin were 
a consequence of endogenously produced histamine associated with stabilization of the cancer rather than an 
observation of persistence of extrinsicaly administered histamine. 

Subjects suff ermg from cancer often exhibit decreased bveb of circubting Uood histamine. (Burtin et aL 
Decreased bbod histannne bveb in subjects with solid malignant tumors. Br. J. Cancer 47: 367-372 (1983)). Thus. 

10 the observation of stabb and beneficbl bbod hbtamine bveb bsting hours or days after hbtamina adminbtration 
finds reedy appfication to cancer and anthriral ueatments based on synergbtb effects between hbtenune end agents 
whbh enhance cytotoxb effector eel mednted cytotoxicity, b such protocob. the cytotoxb ectivity of NK ceVs 
end CTLs b enhanced by combining the aibninbtratbn of hbtamine to attm a stable bvel of circubting hbtemme 
suffident to eugment the acthrity of an agent whbh acts in synergy with bbtannne to increase cytotoxicity with 

15 the adminbtration of the agent. 

Additbnally. chmotherapeutic treatments aimed at destroying the malignancy may result in bwered bbod 
hbtamine bveb. Exampb 1. below describes the decrease m bbod hbtamine bveb foBowmg treatment with the 
ehemotherapautbfcytostatb agents cytarabme and thbguantne. 

EXAMPLE 1 

20 hi five patbnts with AML in rembsion, hbtamine bveb m whote bbod specimens were analyzed 1-5 days 

before and 1-2 w^ after treatment with cytarabine (16mg/m^/day subcutaneousty) and thioguanine (4Gmg/day 
oraly) for 21 days or until the pbtebt count was ^50X1 0^/L Hbtamine was miyzed in heparinized venous bbod 
u«ng the raifioimmunoassay avalabta from Biomerica btt^ Nevirport Beach. CA 92^3 (catabg no. 1051) according 
to the instructbns which accompamed the assay kit 

25 In aH patients, histamine bveb decbied after the treatment with cytostatbs. (See Tabb bebw). 

Bbod Hbtamine Bbod Histamme after 

Before Patient Treatment Treatment (^obs/O 
(/umobsfl) 

30 

1. 0.22 not detectabb 

2. 0.12 not detectabb 

3. 0.18 not detectabb 

4. a93 0.38 
35 5. 0.24 0.14 

The present invention may be used to restore or maintain benef bbl stabb blood hbtamine bveb m subjects 
whose bbod hbtenune bveb have decreased as a consequence of chemotherapy. 

Beneficial bveb of circulating hbtamine can be achbved by adminbtering hbtamine before, during, or after 
40 treatment with agents whbh enhance natural kilbr cell cytotoxbity or chemotherapeutic agents. 
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Thus, this invention relates to a method of augmenting the activity of an agent which enhences cytotoxic 
effector coB cytotoxicity comprising administertng htstamine such that a stable blood histamine concentration 
sufficient to augment the cytotoxicity enhancing effect of said agent is achieved, and administering a beneficial 
amount of said agnit, wherein the cytotoxicity enhancing effects of said agent are augmentei As used herein, 
S "histamine" incbdes histamine, its dihydrochbride salt (histamine dihydrochloride), histamine phosphate, other 
Instamine sahs, esters, or prodrugs, and receptor agonists. Serotonin and 5HT agonists are also contenqilated. 
The administration of compounds which induce the release of endogenous histamine from the patient's own tissues 
are also included within the scope of the present mvention; thus, the term "histamme" as used herein incorporates 
these compounds as weD. 

10 In one aspect of the present invention, the histamine is administered prior to administration of the agent 

which enhances NK ceB and CTL cytotoxicity. In enother embodiment, the histamine is administered following the 
administration of the agent which enhances cytotoxicity, bi a further embodiment, the histamine is administered 
during the course of administration of the sgent which enhances cytotoxicity. In another embodiment, the hbtamine 
is adminBtered prior, during, and after the edministrstion of the agent which enhances cytotoxicity. 

15 In one embodiment, the histamine is administered at least 1 day prior to the administration of the agent 

which enhances cytotoxicity. In a preferred embodiment beneficial stable levels of circulating blood histamine are 
obtained by administering histemtne at a dosage of 0.4 to 10 mg/day. In a further preferred embodknent, the 
histanwte is administered over a period of 1 to 4 weeks. bi a highly preferred embodmimtt, the histamine is 
administered for a period of 1*2 weeks. In one embodiment of the invention, the beneficial stable level of circulating 

20 btood histamine concentration is at least OJI^tVL 

In one embodiment of the present mventnn the cytotoxicity enhancmg agent is at least one cytokine. 
Preferentially, the cytokine is interieukin-2. bi a preferred aspect of the invention, the interleuktn-2 is administered 
in an amount of 0.5'5Qpg/kgfday. In a further preferred embodiment, the interieukin-2 is admbiistered for a poiod 
of 1 day to 4 weeks. 

25 h another embodiment of the invention, the cytokine » mterferon-a. Preferentially, the interferon-a is 

administered at a dosage of 10,000-200,000 U/kg/day. For treatment of primary melanoma, the preferred dosage 
of interferon-a b 200,000 Uftg/day. For treatment of other cancers, the pref ened dosage of mterf eron-ff is 50,000 
(UkgMay. biafurtkeremboi&nentthomterferon^isacbnimsteredforapeM Preferentially, 
the interf eren<r is adnmstered for a period of between 2-8 weeks. 

30 In yet another embodknent, the cytotoxicity enhencmg agent comprises interferon-a and interieukin-Z 

Another aspect of the kiventhin is a method of treating a subject havmg a mafignancy with histamine and 
a second beneficial agent whereh the activity of said second beneficial agent is augmented by histamine comprismg 
administernig a phmnaceuticaly acceptable f onn of histannne such that a benef nial bhiod histamine level is achieved 
and administering said second beneficial agent. 
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In one emboAnsiit of this aspect tho hbtamiiie b administered prior to the second beneficial aoent In 
a preferred embodiment of this aspect the histamine b edministered at least 1 day prior to the edmmistration of 
the second beneficial agent. 

In another embodiment of this mvention, the histambie is administered after the second beneficial agent 
5 In yet another embodiment, the histamine is admmistered during the course of adnunistration of said second beneficial 
agent. In another aspect of the invention, the histamine is administered prior, during, and after the second benef idal 
agent. 

Preferentially, the second beneficial agent ects to stimulate the cytotoiic acthrity of NK eels and CTLs. 
A third aspect of the present invention is a method of enhancing the cytotoxic acthrity of NK eels and CTLs 
10 comprising 

a) measuring blood Mstsmiro levels m a subject to determine whether the cytotoxic activity of said 
subject's NK eels end CTLs couU be enhenced by increasmg the levels of blood histam'me in said subject: 

b) adminbtering a pharmaceutically acceptabb fonn of hbtamine to a subject for whom said 
measuring step indicated that the cytotoxn: activity of said subject's NK eels and CTLs could be enhanced by 

15 increasing said subject's blood hbtamine bvels, such that beneficial bveb of blood hbtamine are achieved; and 

c) adm'mbtering a second agent to said sub^t having beneficial bveb of bbod hbtamine, such that 
the cytotoxic activity of said subject's NK eels and CTLs is enhancel 

In one aspect of the invention, the hbtanrine b adminbtered prior to the second agent. In a preferred 
vn^^n of thb aspect the hbtamine b adminbtered at toast 1 day prior to the adminbtration of the second egent. 
20 In another aspect of the invention, hbtanune b admmbtered after the second agent. In another 

embodiment hbtamine b adminbtered durii^ the edmtnbtretion of the second agent, hi another mbodiment, the 
histamine b adminbtered prior, during, and after the administration of the second agent In each instance, one 
embodiment of the invention includes an antbiral or antimicrobbt agent as the second agont 

The present invention ebo mchides a method of treating a maignancy comprising treating a subject having 
25 a malignancy with a chemotherapeutb agent and achbving and maintaining a benefbial stabte level of circulating 
blood hbtamine by adnnmstering hbtamine in a dose sufficbnt to anain said benefbbi stable bveb of ctrculatfaig 
blood hbtamine. kAethods for adminbtering chnnotherapeutb agents are well estabfished. 

In one onbodiment the hbtamine b admimstered before the chemotherapautic agent bi another 
embodiment the hbtamine b admimstered after the chemotherapautic agent In another aspect of the invention, the 
30 hbtamine b administered during treatment virith die chemotherapeutb agent In yet another embodiment the 
hbtamine b administered prior, during, and after treatment with the chemotherapeutb agent. 

It wiD be apprecbted that the subject's circidating bbod hbtanune bveb may be monitored during the 
course of treatment and boosted to boiericbl bveb whenever bveb drop below benefbbi bveb or approach the 
bwer bmts of benefbial hveb. For examph, n thb embmbnent Ustamine may be admmbtered whenever the 
35 subject's hbtanune bvds drop behw 0.2^b/L 
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Alternatively, it be appreciated that histanune may be admimstered at peiiodic intervab at dosages 
sufficient to establish and maintain beneficial levels. 

Routes and carrier compositions for administering histamine and cytokines have been disclosed in U.S. 
Patent Number 5,348,739. Briefly, the histamine may be adnraiinstered through a variety of routes, including 
5 parenteraOy, intraperitoneally, subcutaneously, intravenously, intramuscularly, intraocularly, orally, or transedermally. 
Sohitions of the active compound as a free acid or a pharmaceuticaly-acceptable salt may be adminbtered in water 
with or without a surfactant such as hydroiypropyl ceDulose. Disperstons are also contemplated such as those 
utilizing glycerol, liquid polyethylene glycob and mixtures thereof and oils. Antimicrobial compounds may also be 
added to the preparations, bijectable preparations may include sterile aqueous solutions or dispersions and powders 
10 which may be dihited or suspended in a sterile environment prior to use. Carriers such as solvents dispersmn media 
containing, e.g., water, ethanol polyob, vegetable oils and the like, may also be added. Coatings such as lecithin 
and surfactants may be utlTized to maintain the proper fluidity of the composition. Isotonic egents such as sugars 
or sodium chkiride may also be added as well as products intended for the delay of absorption of the acthre 
compounds such as aluminum monostearate and gelatin. Sterie injectable solutions are prepared as is known in the 
15 art and filtered prior to storage and/or adnrinistration. Sterile powders may be vacuum dried freeze dried from a 
solution or suspension containing them. 

Any material added to the pharmaceutical composition should be pharmaceutically acceptable and 
substantially non-toxic in the amounts emptoyed. Sustained-release preparations and formulations are also within the 
confines of this invention. 

20 Pharmaceutically acceptable carriers as utized in the context of this patent mckide any and all solvents, 

dispersion mede, coatings, antimicrobial agents, isotonic and absorption delaying agents and the Bke as is known 
in the art. All pr^arations are prepared in dosage unit fom» for uniform dosage and ease of administration. Each 
dosage unit form contains a predetermined quantity of active ingredient cafculated to produce a desired therapeutic 
effect in associat»n with a required amount of pharmaceutical carrier. Methods for administering chonotherapeutic 
25 agents are wbB established. 

For the purposes of the above treatments, benericial bveis of bbod hbtamme are at least 0.^/vmob/L 

Stabte Circufatino Stood Histamine Levels 
As descrbed above, the present invention b based on the observation that it b possbb to obtain beneficial 
and stabfa levels of circulating Uood hbtamine. Exampto 2 depicts the stabto beneficial teveb of circulating Uood 
30 hbtamine obtained following hbtamme adm'mbtration. Surprisingly, beneficial bveb of circuiatbig bhiod histamine 
persisted for considerabb periods ef ter hbtamine adminbtration ceased. 

EXAMPLE 2 

five patients with AMI in rembsion received treatment widi hbtamine iGhydrochhmde diluted m sterib 
35 sodium chloride purchased from Apoteksbolaget, Umea, Sweden and human recombinant interiBukin-2 (Proteukin^ 
obtained from the coimnerciaHy avaiabb vial (Eurocetus, the Netherbndsl Hbtamine and IL-2 were adminbtered 
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morning and mght at separate subcutaneoiis injectnn shes over a period off 21 consecutive days. The histamine was 
given as subcutaneous injections usng 1 ml syringes conteining 0.1 mg of histairunelmL The histamine treatment 
was given twice daily (morning and night) at a dosage of 0.4-0.7mg histamine per injection fte. a daly total dose 
of histamine of 0.8-1.4 mg/day). 
5 The IL-2 was given as subcutaneous injections using separate 1-ml syringes. The IL-2 syringes contained 

50 /ig of IL*2/ml. The iL2 treatment was given twice daily (morning and night), and the dose was 35-50 /ig of 
IL2 per injection, Le. a daily total dose of 70-IOIVigfday. 

Peripheral bbod venous samples were drawn in 10 ml heparinized test tubes before the onset of treatment 
and weekly thereafter. The sanqiles were drawn at least 8 hours after the bst injections of histamine and IL-2. 
10 The concentration of histamine in the whole bbod samptas was analyzed by use of a doubb antibody 
radioimmunoassay kit obtamed from Komerica, Inc., Newport Beach, CA 82663 (catabg no. 1051). The 
manufacturer's instructions provided with the kit dated June, 1888, were foBowed. Bbod histamine bveb were 
measured at the ndicated tknes. 

Figure 1 shows the results of the expernwnts descrftad above. Data are given as the concentratbn of 
15 histemeiB in micromobs/l (mean±standard enror of the mean). 

The subjects exhOiited blood histanwie bveb of bss than 0.2 >unuib/L at the start of the experiment. 
Foibwing histanine admmbtratbn, circubting bbod histamine bvels rose to beneftcbl bvels. Surprismgly, the 
circulating blood hbtamine bveb remained ebvated f w susteined periods of time, even after hbtamine adminbtratbn 
was dbcontbued. 

20 Treatments Emotavinq a Combination of Histamine and lnterbukin-2 

The stabb bbod hbtamine bveb dbcussed ebove fmd applbatbn in treatments in which NK cell and CTl 
cytotoxicity b augmented through the synergbtb off nts of hbtamme and agents whbh enhance cytotoxb effector 
cell cytotoxidty. As dbcussed above, one such oihanc^ of cytotoxicity b intwbukin-2. Exampbs 3 and 4 describe 
methods of treatment in whbh a stabb and beneficial bvei of bbtambe b achieved whbh augments the activity 

25 of \L Z 

EXAMPLES 

0.5 mg/day of hbtamine in a pbarmaceutbaiy acceptabb form b mjected subcutaneousiy in a sterBe carrbr 
sokitbn bto subjects having a mafignancy. One wMk bter, aftn' drcubting bbod hbtamine teveb have increased 
to at bast 0J2^mfA^IL, IL-2 adminbtration b begun. Human recombinant IL2 (Probukb®, Eurocetus) b administered 
30 by continuous bfusbn of 27|/g/kg/day on days 1-5 and 8*12. 

The above procedure b repeated every 4-6 weeks until an objective regression of tumor disease b observed. 
The therapy may be contmued even after a partbl or compbte response has been observed. In patients with 
compbte responses, the therapy may be given with bnger mtervab between cycles. 

The treatment can additionally mchide monitoring cnrculatmg bveb of bbod Mstamine periotfically and, when 
35 circubting hbtamine bveb drop betow OJ^/timob/L, bjecting 0.5 mg/day of a pharmaceutically acceptabb form of 
hbtamine to restore circubting blood bbtmbe bveb above 0J2^\^ . 
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The treatment can abo include periodically boasting cireulatino bbod histamine levels by administering 0.5 
mg/day histamine over a period of one to two weeks at regular intervals, such as bi-weekly, in order to maintain 
circulating btood histamine levels above 0.^/umoie/L 

EXAMPLE 4 

5 Human recombinant IL-2 (Proleukin® Eurocetus) b administered by continuous infu»on of 27pgfkg/day on 

days 1-5 and 8-12 into patients infected with herpes simpki virus (HSV) type 2. 0.5 mgfday of htstanane in a 
pharmaceuticaRy acceptable form is mjected subcutaneously in a sterfle carrier solution unti circulating bbod 
hbtamine teveb have increased to at least 0.^^miob/L 

The above procedure is repeated every 4*6 weeks until an objective regression of the dbease b observed. 
10 The therapy may be contmued even after a partbl or complete response has been observed. 

The treatment can additbnaBy mdude monitoring circulating bvels of blood hbtonine periodicaly and, when 
circuteting histamine levels drop betow 0.2pm\6ll, injecting 0.5 mg/day of a pharmacmitically acceptabta form of 
histamine to restore circulating blood histamme bvels above 0.2!/umote/L . 

The treatment can abo include periodically boosting circubting blood hbtamine bveb by adminbtering 0.5 
15 mg/day hbtamine over a perbd of one to two weeks at reguter intervals, such as bi-weekly, in order to maintam 
circulatmg bbrad hbtamine bveb above fLTpmklL 

If desired, 0.5 mg/day of histanane m a pharmaceuticaDy acceptabb form can abo be injected 
subcutaneously for about one week prior to the start of treatment with IL2, in order to increase circubting bbod 
hbtamine bvels to et least OJpmcklL 
20 Combination of Hbtamine and hiterferon-a 

Another enhancer of NK ceO cytotoxicity b interferon-a. Exampb 5 describes methods of treatment in 
which a stabb and beneficbl bvei of hbtamine b achbved whbh augments the activity of ioterferon-a. 

EXAMPLE 5 

25 0.5 mg/day of hbtamine in a pbarmaceutbaHy acceptabb form b irijected subcutaneously in a sterib carrbr 

sohitbn into subjects having a malignancy or who have had a primary tumor surgbaUy removel One week tater, 
after circulating bbod hbtamine bveb have increased to at bast O.?^imob/U interf eronH7 adnwibtratbn b begun, 
biterferon b adminbtered in doses of 50,000 U/kglday in a sintabta carrier sohitbn for 2-6 weeks. 

The above procedure b repeated 3 tms a week, or even severel times daly, for up to 24 months unta 

30 an objecthre regressbn of the tumor b observel The therapy with hbtamine, IL-2 end interferon may be continued 
even after e partial or compbte response has been observed. In patients with complete responses, the therapy may 
be g'wen with tonger intervab between cycles. 

The treatment can additionaBy bichtde monitoring circubting bveb of bbod hbtamine periodically and, when 
circubtmg histarmne bveb drop bebw 0J2smiUL, tajecting en additbnal 0.5-2.0 mg/day of a pharmaceuticaDy 

35 acceptabta form of bbtamne to restore circidating Uood hbtamme bveb above OJ^nnoklL . 
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The treatment can abo include periodically boosting circulating blood histamine bveb by administering 
0.5 mg/day histamine over a period of one to two weeks at regular oitervals, such as bi-weekly, in order to maintain 
circulating blood histamine levels above O-l^^mioleA^ 

AdditionaDy, the frequency of interf eron-o administratwn may be varied depending on the patient's tolerance 
5 of the treatment end the success of the treatment. For example, interferon may be administered three times per 
week, or even daily, for a perbd of up to 24 months. Those skBed in the art are familiar varying interferon 
treatments to achieve both beneficial results and patient comfort 

Example 6 describes methods of treatment in which a stable and beneficial level of histamine is achieved 
which augments the acthrity of interf eron-a in anthrirai therepies. 
10 EXAMPLE 6 

0.5 mg/day of histamina in a pharmaceuticaliy acceptable form b injected subcutaneously together with 
interferon-a in patients infected whh hepatitis C. 0.5-2.0 mg/day histamine is administered in order to maintain 
circulating blood Mstannne bveb above 0.^^ta/L Interferon b aibninbterBd in doses of 50,000 U/kgfday in a 
suitabte carrier sohition. 

15 The ebove procedure b repeated 3 times a week, or even several times daOy, for up to 24 months unta 

normalized liver enzymes and cbaranca of viral RNA from serum b observed. The therapy with histamine and 
interferon may be continued even after a partbl or compbte response has been observed. 

The treatment can additionaly inchide monitoring circubting bveb of blood hbtamine periodically and, when 
circulating hbtanune bveb drop below d^T^rnkfl, in^tmg an additional 0.5*Z0 mg/day of a pharmaceutbally 
20 acceptable form of histamine to restore circulatmg bbod hbtamine bveb above O.^oto/L . 

The treatment can also inchide periodically boosting circubting blood hbtamine bvels by adminbtaring 0.5- 
2.0 mg/day hbtanune over a period of one to two weeks at regubr intervab, such as bi-weekly, in order to maintain 
circulating Uood Instaroine bveb above 0.2!^imob/L 

0.5 mg/day of hbtamina in a pharnuceuticaly acceptabb form can abo be injected subcutaneously for 
25 about one week prior to the stert of treatment with interferon, b order to increase circubting blood hbtamine bveb 
to at bast 0J2jjmklL 

AdditionaBy, the frequency of interferon-a adminbtration may be varied d^mling on the patient's tobrance 
of the treatment and the success of the treatment. For exempb, interferon may be adminbtered thm times per 
week, or even daily, for a period of up to 24 months. Those skied in the art are f emiSar varying bterferon 
30 treatments to achbve both beneficbl results and patbnt comfort. 

Combination of Htstamwe. IL-2 and Interferon-g 
Beneficial stabb bveb of cvcubting Uood bistmine can abo be emptoyed in conjunctbn with treatments 
invohring several enhencers of NK eel cytotoxbity. Example 7 describes how to edminbter such treatments. 

EXAMPLE? 

35 Subjects having a malignancy or viral infection such as bepatitb B, hepatitb C, human inrnnmodaficiency 

virus (HIV), human papObma virus (HPV) or herpes simpbx virus (HSV) type 1 or 2 are administered human 



WOm2968 PCTAJS97y08001 

•15. 

recombinant IL-2 (Probukh^. Eurocetus) by contmuous infusion of 27//gftg/day on days 1-5 and B-IZ AdditionaHy. 
subjacts also receive a daily dose of 6x1(f U interfaran-a adminbterad by subcutaneous injection, and 0.5-10 mgfday 
of a pbarmaceutically acceptable form of histamine. Histamine is administered for a period of one to two weeks 
until circulating blood histamine levels reach above Ou^imole/L 
5 The above procedure is repeated every 4-6 weeks until an objectivB regression of the tumor is observed, 

or until improvement in the viral Infection occurs. The therapy may be continued even after a partial or complete 
response has been observed. In patients with complete responses, the therapy may be given with tonger intervals 
between cycles. 

The treatment can additionally include monitorino circulating levels of blood histamine periodically and, when 
10 circulating histamine levels drop bdow 0.^^ok/L injecting 0.5-2.0 mg/day of a pbarmaceutically acceptable form 
of histamine for a period of one to two weeks to restore circulating blood histamme levels above 0.^pmoie/L. 

The treatment can also inchide periodically boosting circulating bbod hbtamine levels by adnnnbtaring 
histamine at regular intervals, such as daily, bi-weekly or weekly. 

Histannne in a pbarmaceutically acceptable form, such as a sterile carrier solution, can be injected 
15 subcutaneousiy 0.5*1.0 mgrmjection, 14 time per day, for about one week prior to the start of treatment with IL-2 
and interferon, in order to increan circulating Uood histamine levels to at least O.?^ole/L 

AdditionaSy, the frequency of interf eron-a administration may be varied depending on the patient's tolerance 
of the treatment and the success of the treatment. For eiample, interferon may be administered three times per 
week« or even da9y, for a period of up to 24 months. Those skilled in the art are familiar varying interferon 
20 treatments to achieve both beneficial results and patient comfort. 

Combmation of Histamme and Chemotheraoeutic Aoents 
Histamine may abo be used m conjunctnn with chemotherapautic agents. Typically, bvels of circulating 
hbtamine decline during ch&notherapy. Low bveb of circulating hbtamme may result in the suppressbn of NK ce9 
cytotoiicity by monocytes. Thb monocyte medbted suppression may be eliminated by admknstratbn of hbtamme 
25 prbr, during, folowing or throughout chemotherapy in order to return circubting hbtamine bveb to normal; 

Accordingly, the present mventbn contemptates the restoration of drcuhting bhiod hbtamine bveb to 
normal bveb in coqnnctbn with chemotherapeutb egents. Additionaly, the treatnnnt may abo mclude adminbtration 
of IL-2 amU or interferon-a. 

Representative compounds used in cancer therapy bidude cydopho^hamide, chbrambucil, melphabn, 
30 estramustine. iphosphamide, prednkmtstin, busulphan, tiottepa, carmustin, lomustme, methotrexate, azathbprine, 
mercaptopurine, ttuoguanine, cytarabine, fluorouraca, vmUastine. vincristine, vindesine, etoposide, teniposide, 
dactinomucm,doxorubin, dunorubbma,epirubbine, btaomycin, nhomycin, cbptotin, carbopbtin, procarbazme, amacrine, 
mitoxantron, tamoxifen, nikitanrid, and aminoghitemub. Procedures for emptoying tiiese compounds aganist 
malqnancbs are well estaUbhed. In additbn, other cancer therapy compounds may also be utilized in the present 
35 invention. 
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Mdgnancies against which the treatmant may be directed include, but are not limited to« primary and 
metastatic maBgnant tumor disease, bematotogical maf gnancies such as acute and chronic myelogenous leukemia, 
acute and chronic lymphatic leukemia, multiple myehmia. Wahlenstroms Macrogbbufinemia, hairy ceD leukemia, 
myetodysplastic syndrome, polycytaemia vera, and essential thrombocytosis. 

5 As described above. histamin0'«'IL*2 has proven an effective combination with traditional chemotherapeutic 

methods bi treatmg acute myetogenous leukemia. IBnine and HeBstrand. Br. J. Haematobgy. March 1996). 
Procedures for using the present invention in combination with chemotherapeutic agents and IL-2 are presented in 
Example 8. It wil be appreciated that beneficial stable levels of circulating histamioB may also be empbyed m 
treatments using only chemotherapeutic agents. 

10 EXAMPLE 8 

Subjects virith AML in first, second, subsequent or comptate remissbn ere treated n 21 -day courses with 
IL'2 [35-50 //g (equivalent to 6.3-9 x 10' III) s.c. twice dailyL repeated with six-week mtermlssions and continued 
until rebpse. In cycb #1, patbnts recehre three weeks of bw dose chemotherapy consisting of 16mglm2/day 
cytarabine, and 40 mg/day thioguanine. Thereafter, patbnts are injected subcutaneously with 0.5mg/day of a 

15 pharmaceuticaDy acc^tabh form of Mstamine for a period of 1 week to boost circulating histamine to a stabb 
benefidal bvel ebove 0.2^ob\L. Thereafter, patbnts receive IQOpg of mterieukin-2/day for three weeks. 
Circutating histamme bveb are boosted to boieftdal bveb by administering 0.5mg/day of a pharmaceutically 
acceptabb form of hbtamine during the second week of thb period. Thereafter, the sutijects are aBowed to rest 
for one week. 

20 After the rest period at the end of cyda 1, cycb 92 b initbted. 0.5 mgrmjectbn twice a day of a 

pharmaceutbaHy acceptabb form of hbtamine in a sterib carrier sohitbn is injected subcutaneously untB circulating 
bbod hstamina bveb of at bast fLTjjmABll are achbved. Cytarabine (16 mg/nt'/day s.c.) and thbguanine (40 
mg/day oraOy) are given for 21 days (or tmta the pbtebt count b ^ 50 x 10*/1). In the middb week, petbnts 
receive 0.5mgrirqection twice per day of a pharmaceutbaBy accqitabb form of hbtanviB to boost circubtiiQ 

25 hbtamine to benefbbi bveb. At the ml of the three week chemotherapy treatment, patbnts receive 0.5ragrmjectbn 
twbe per day of a pharmaceuticaBy acceptabb form of hbtamine for a week. Thereafter, patbnts receive 
lOCipgfday of interlaskin-2 for three weeks. Circubting hbtmine bveb are boosted m the middb week of the three 
week IL-2 treatment as described above. Patbnts are permitted to rest for two weeks. 
Thereafter, cycb 93 b mitbted. Cycb #3 b Nbntbal to cycb 92. 

30 Attematively, circubting hbtamine bveb may be periodicaBy monitored throughout the above procedure and 

hbtamine may be adminbtered whenever circubting bveb drop bebw a desirabb bvel m order to matntam a 
benefbial bvel of bbod histamine ebove 0.3/imob\L Additbnafly, bbtanune may be admmbtered at regular intervab 
during the treatment to mabtain benencial circulatmg bveb. Another altemative b to provbe hbtamne m a depot 
or controHed rebase form. 

35 Qptimizinq Delhrarv of Histamine 
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Controiled release vehicles are well known to those of ski in the pharmaceutical sciences. The technobgy 
and products in this art are variably referred to as controlled release, sustained release, prolonged action, depot 
repository, delayed action, retarded rdease and timed release; the words "controlled release" as used herein is 
intended to incorporate each of the foregoing technologies. 
5 Numerous controlled release vehicles are known, mchiding biodegradable or bioerodabto polymers such as 

polylactic acid, polyglycolic acid, and regenerated colagen. Known controlled release drug deBvery devices mchtde 
tablets, capsules, gels, microspheres, ^osomes, ocular inserts, minipumps, and other infusion devices such es pumps 
and syringes. Implantable or injectable polymer matrices, and transdermal formulations, from which active ingredmits 
are slowly released are also well known and can be used in the present mvention. 
10 Suitable infusion devices for use in the present invention include syringe pumps, auto injector systems and 

minipumps. Exemplary devices inchide the Ambulatory Infusmn Pump Drive, Model 30, available from Microject Corp., 
Salt Lake City, Utah, and the Baxa Syringe bifuser, avalabb from Baxa Corporation, Englewood, Colorado. Any 
device capable of deivering histamine in the manner described bekiw can be used in the nmthods of the present 
invention. 

15 The infusion devKOS of the present invention preferably have an effective amount of histamine, histamine 

dihydrochloride, histamine phosphate, serotonin, e 5HT agonist, an Hj receptor agonist or a substance which induces 
the release of an effective therapeutic amount of endogenous histamine contained therein. The device can be pre- 
loaded with the desired substance during manufacture, or the device can be filled with the substance just prior to 
use. Pre-fied infu^on pimips and syrmge pumps are wel known to those of skffl m the art. The active substance 

20 can be part of a formulation whkh inckides a controBed retease carrier, if deseed. A controller is used with the 
device to control the rate of adnunistratnn and the amount of substance to be administered. The controller can be 
integral with the device or it can be a separate entity, it can be pre-set during manufacture, or set by the user pist 
prior to use. Such controllers and their use with infusion devices are weB known to those of skffl m the art 

ControBbd release oral formulations are also weB known. Active compound is incorporated into a sohible 

25 or vodible matrix. NydrophiSc gums, such as hydroxymetbylcelhriose, are commonly used. A hibricatkig agent such 
as magneshmi stearate, stearic acid, or cakium stearate can be used to M h the tableting process. 

For the purpose of parenteral administratnn, htstamine or compounds which induce endogenous histennne 
rehase can be combined with lEstied water, preferably buffered to an appropriate pH and havhg appropriate (e.g., 
isotonic) salt concentratnns. Histamine formulatbns can be provhied as a Bquid or as a powder which is 

30 reconstituted before use. They can be provided as prepackaged viab. syringes, or injector systems. 

ControBed release preparatiims can be achieved by the use of polymers to complex or absorb the histamme. 
The controlled defivery can be exercised by selecting appropriate macromolecule such as polyesters, polyamino acMs, 
polyvhvt^Bdone, ethylenevinyi acetate, methykeBubse, cartioxymetbykeButese, and protamine sulfate, and the 
concentration of these macromolecule as weB as the methods of mcorporation are selected in order to control rehiase 

35 of acthre compound. 
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Hydrogeb, wherein the histamine compound is dissohred in an aqueous constituent to gradually release over 
time, can be prepared by copolymerization of hydrophSc roonoolefintc monomers such as ethylene glycol 
methecrylate. Matrix devices, wherein the histamine is dispersed in a matrii of carrier material can be used. The 
carrier can be porous, non-porous, sofid. semi-sofid, permeable or bnpermeable. AHemathrely, a device comprising a 
5 central reservoir of histamine surrounded by a rate controlling membrane can be used to control the release of 
histamine. Rate controlling membranes include ethybne-vbiyl acetate copolymer or butylene 
terephthalatefpolyteuamethyiene ether terephthalate. Use of sificon ndiber depots are else contensplated. 

Transdermal patches, steady state reservairs sandwiched between an impervious backing and a membrane 
face, and transdermal formulations, can also be used. A rete-controling outer nricroporous membrane, or 
10 nricropockets of histamine ifispersed throughout a silicone polymer metrix can be used to control the release rate. 
These transdermal patches and formulations can be used with or without use of a penetration enhancer such es 
dimetbylsuM oxide (DMSO), condrinattons of sucrose fatty acid esters with a sulfoxide or phosphoric oxide, eugenol 
or Aione. 

Another possibte method to control the release of histamine is to incorporate the histamine into particles 
15 of a polymeric material such as polyesters, poly amino acids, bydrogeb, poly lactic acid, or ethylene vmylacetate 
copolymers. 

Attematively, instead of incorporating histamine mto these polymeric particles, it is possible to entrap the 
histamine in microcapsules prepared, for example, by coacervation techniques, or by interfacial polymerization, for 
example hydroxymethylcelulose or gelatinnnicrocapsules, respectively, or in coloklal drug defivery systems, for 

20 example, Cposomes, albumin microspheres, mkroemulsions, nanoparticles, and nanocapsules, or in macroemulsnns. 
Such technology is wed known to those of ordinary skBI in phannaceutkal sciences. 

Preferably, ttm histamine b injected, mfused, or releas«l into the patient at a rate of from about 0.025 
to 0.2 mg/min. A rate of about 0.1 mg/nm is preferred. The hbtamine b preferably admkiistered over a period of 
time ranging from about 1, 3 or 5 minutes to about 30 minutes, with an upper Gmit of about 20 minutes being 

25 preferred, such that the total daily adult dose of histamine ranges from between about 0.4 to about 10.0 mg, with 
about 0.5 to about 2.0 mg bong preferred. Histamine administered over longer permds of time. Le., longer than 
about 30 minutes, has twen found to result in decreesed or lack of efficacy, while rapid admaiistratkHi over less than 
1 - 3 minutes can cause more pronounced and serious side effects, which inckide anaphylaxis, heart feiure, 
bronchospasm, pronounced flushing, dbcomf ort, increased heart rate and respiratory rate, hypotension, and severe 

30 headache. 

Administration of each dose of histamkie can occur from once a day to up to abmit four times a day, with 
twice a day being preferrel Adnrnstretion cen be subcutaneous, mtravenous, mtramuscular, intraocular, oral or 
transdermal and can utilize direct hypodormic or other mjectbn or infusnn means, or can be mnliated by a controlled 
release mechanism of the type disclosed above. Any controlled retease vehicle or infusion device capable of 
35 administering a therapeutically effecthre amount of histanrnie over e period of time ranging from about 1 to about 
30 minutes can be used. 
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In addition to histamine, histamine dihydrochloride, histamine pho^hate, other histamine salts, estws, 
congeners, prodrugs^ and receptor agonists, the use of swotonin, 5HT agonists, and compounds which induce 
release of histamine from the patient's own tissues is also inchded withm the scope of the present invention. 
Retinoic acid, other retinoids such as B-ds-retinoic acid and all-trans-retinotc acid, IL>3 and oigestible allergens are 
5 compounds whkh are known to induce the release of endogenous hbtamine. These compounds can be administered 
to the patient by oral intravenous, intramuscular, subcutaneous, and other approved routes. However, the rate of 
administration should result in a release of endogenous histamine in the rage of from about Q.05-2.0 mg/min. 

Administration of each dose of a compound which induces histamine release can occur from once per day 
to up to about four times a day, with twice per day being preferred. Administration can be subcutaneous. 
10 intravenous, intramuscular, intraocular, oral, or transdermal, and can incorporate a controlled release mechanism of 
the type disclosed above. Any controHed release vehicle capable of administering a therapeutically effective amount 
of a compound which induces histamine release over a period of time ranging from about one to about thirty nrinutes 
can be used. 
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WHAT iS CLAIMED iS: 

1. Use of hstaimne or a hbtamine-indiicing compound in the preparation of a medicament for 
producing elevated, stable circulating levels of lustamine in a patient 

Z Use according to Claim 1, wherein said medicament is further for administration in conjunction with 
5 a second therapeutic agent. 

3. Use according to Claim 2, wherein the second therapeutic agent is a cbmotherapeutic agent. 

4. Use according to any of Claims 1-3, wherein said histamine or histamme-inducing compound is 
selected from the group consisting of phermaceuticaRy acc^tahle forms of histamine, histamine dliydrochtoride, 
histamine phosphate, histamme sahs, histanrine esters, histamme congenvs, histanune prodrugs, H, recq>tor agonists, 

10 5HT agonists, serotonin, retinoic acid, retinoids, IL3 and ingestible allergens. 

5. Use according to any of Clums 14, whmin said medicament is for treating a mafignancy, a viral 
disease or a neoplastic disease. 

6. A composition comprising histamine or a histamineHnducing compound, together with a controlled 
rebasa carrier, said carrier having the property of delivering said composition at a rate of about 0.025 to 0.2 

15 mg/minute, at a rate which results in the release of about 0.025 to 0.2 mg/minute endogenous histamine, or for a 
period of time net less than one and not greater than thirty minutes. 

7. The composition of Claim 6, wherein said controlled release carrier is selected from the group 
consistmg of polymers, gels, microspheres, liposomes, tablets, capsules, infusbn pumps, syringe pumps, ocular inserts, 
transdermal formutations, hydrophHic gums, mtaocapsules, and coDoidai drug delivery systems. 

20 B. A device for administering a therapeutic^ly effective amount of a substance selected from the 

group consisting of phannaceuticaDy acceptable forms of histamine, hist»nine dihydrochioride, histamine phosphate, 
histamina salts, histamme esters, histamine congeners, histamine prodrugs, serotonin, 5HT agonists, receptor 
agonists, substances which induces the release of an effective therapeutic amount of endogenous histamine, retinotc 
acid, retinoids, 11-3 and ingestible allergens comprbtng: 

25 an infusion device; 

said therapmiticaSy effective amount of said substance; and 

a controller which delivers said substance over a period of time not less than one and not greater 
than thirty minutes. 

a The device of Claim B, wherein said controDw ibfivers said therapeutically effecthre amount of 
30 said substance over a period of time not less than five and not greater than twenty minutes. 

10. The device of Clann 8, wherein said therapeutically effective amount of said substance is about 
0.4 to 10 mgiday. 

11. The device of Claim 8, wherein said tiierapeuticaly effecthre amount of said substance is about 
2.0 mg/day. 

35 1Z The device of Claim 8, wheron said tiierapeutkaly effective amount of said substance results in 

the release of about (1025 to 0.2 mg/minute endogenous histamine. 
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13. The device of Claim 8, wherein said controDer delhrers said therapeuticaOy effective amount of 
said substance at a rate of about 0.025 to 0.2 mgAnimite. 

14. The device of Claim 8, further comprising a controlled release carrier contained within said mf usion 
device together with said substance. 

5 15. A method for treating a patient having a malignancy, neoplastic disease or viral disease, 

comprising: 

a) administerino histamine or a histamine inducing compound to said patient over a period of time such that 
a stable, elevated blood histamine concentration is achieved. 

18. The method of Claim 15, further comprising administering a second therapeutic agent 
10 17. The method of Claim 16, wherein said second agent is an anticancer or anti viral agent. 

18. The method of Claim 16, wherein said histamine or histsmine inducing compound and said second 
agent are administered separately. 
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